South Africa is one of few developing countries, and the only one in Africa that has adopted genetically modified crops for commercial product on. The very impressive adoption rate of insect-resistant cotton in South Africa can be attributed to different benefits enjoyed by adopters. This article focuses on the reasons and effects of Bt cotton adoption by large-scale and smallscale cotton farmers in South Africa and considers the impact of the adoption on yields, cost and profit. In addition the paper also analyses the production efficiency of adopters and non-adopters. Bo h large-scale and small-scale farmers enjoy financial benefits due to higher yields and despite higher seed costs. In addition, those who adopted the technology appear to be more technically efficient than those who do not adopt -indicating that it is perhaps the better farmers who spot the potential benefits of the Bt cotton seed. Fur her diverse analysis of the results from the var ous surveys are underway and promises to deliver interesting results on the various impacts Bt cotton is having on the South African cotton industry.
Large-scale cotton farmers
The majority of large-scale cotton production takes place in 6 production areas in South Africa. The most important dryland production areas are: the Springbok Flats in the Limpopo Province and in the Dwaalboom region in the North West. Irrigated cotton is produced around the towns of Marble Hall and Groblersdal and on the Loskop irrigation scheme in Mpumalanga, at Weipe next to the Limpopo River in the Northern Province and in the Northern Cape and Orange River area. There are also some large-scale farmers in the Pongola district close to the Makhathini Flats in Northern Kwa-Zulu Natal (Table 1 shows Cotton farmers on and around the Loskop irrigation scheme produce cotton in addition to their other farming enterprises such as export table grapes, citrus, deciduous fruit and vegetables. The main farming activities of the farmers in the Northern Cape are viticulture and the production of groundnuts. Most irrigation farmers in Mpumalanga and the Northern Cape rotate or substitute maize and cotton in the summer and produce wheat in the winter. On the Springbok flats cotton is rotated with maize and sunflower. In most of the production areas cotton is usually not the dominant enterprise and is produced in combination with other crops. The choice of enterprise is usually determined by the rotation requirements of the soil and the relative prices of the competing enterprises. The recent high prices for maize would mean that more farmers would favour planting maize instead of cotton.
The large-scale farmers included in the study were from the irrigation areas in the Northern Cape, Mpumalanga as well as some dryland farmers on the Springbok flats in the Limpopo Province. All of these farmers were surveyed during 2001. Budgets and other information were also obtained from the Clark Cotton ginnery branches across the country.
Small-scale cotton farmers
Despite various land reform projects attempting to settle small-scale cotton farmers in established cotton production areas the traditional small-scale cotton production areas of Tonga in Mpumalanga and Makhathini in northern KwaZulu Natal remain the major contributors.
Currently there are more than 40 farmer organizations on the Makhathini Flats, with membership varying between 15 and 300. The area under cotton production and the number of cotton producers depend on the availability of production credit and the price of cotton. It is estimated that 4 500 cotton farmers could potentially be active in the Makhathini area planting on average between 1 and 3 hectares of rain fed cotton. Depending on credit availability and the price of seed cotton, between 2 500 and 10 000 ha of cotton is planted (Bennet, 2001 ). An estimated 6 000 hectares were planted in 2001/2002 and it is expected that the share of smallholders in the total seed cotton production will again rise this year -albeit only because of a drop in commercial production. Role-players in the cotton industry envisage that small-scale farmers could produce up to 30% of the total cotton crop in 
Reasons for adoption: Large-scale farmers
In an analysis using our current large-scale farmer data set, factors such as area planted, age, education and credit did not render significant results as reasons of adoption. Later studies will focus more on this aspect. For the purpose of this paper we hypothesise that the perceived and real benefits as indicated by seed agents and observed through own cotton production experience can be accepted as partial reasons for adoption of the new technology. In Table 2 the "Most important" column indicates the most important reasons of adoption or benefits as indicated by surveyed largescale farmers. The "Specific benefit" column indicates all the benefits of Bt cotton as indicated by large-scale farmers and the percentage of farmers that indicated the specific benefits. ). Looking at the benefits indicated by the adopters and the perceived benefits indicated by the then non-adopters, it is interesting to compare the perceptions about Bt cotton before and after the adoption. While 32% of non-adopters indicated that a yield increase is the most important benefit of Bt cotton, increased yield was only indicated as the most important benefit by 18% of adopters. Increased yield is still indicated as a reason by more than 58% of adopters, but it seems that the most important benefit of Bt cotton after adoption has become pesticide saving. In rural areas where infrastructure, transport and services are almost non-existent, managing pest infestation in crops is a major problem. In Table 3 the "Most important benefits" column indicates the percentage of farmers that indicated the various benefits as most important, while the "Specific benefit" column indicates all the benefits indicated by farmers. In comparison to small-scale farmers, the increased yield benefit seems to be not that important to large-scale farmers. Although more than 50% of large-scale farmers indicated increased yield as a benefit, it is seen more as a bonus. The big advantage for large-scale farmers is that insect-resistant cotton gives them the peace of mind and the managerial freedom to go on with other farming activities. As previously mentioned, the whole process of pesticide application is more capital and management intensive than labour intensive for large-scale farmers. Large-scale farmers have to hire an aeroplane or use their own tractors to apply pesticides. The difficulty lies in fitting sprays in between the rain and irrigation schedules.
The large percentage of small-scale farmers indicating that pesticide saving is the most important benefit is not really surprising. When one includes saving on application cost, and labour saving with pesticide saving, more than 63% of small-scale Bt adopters agree on the entire bollworm control benefit of Bt cotton. Pesticide application implies huge difficulties for small-scale cotton farmers: with a low level of education amongst smallscale farmers, problems with the mixing of pesticides and calibration of knapsack sprayers for different pesticides cause concern about the real efficacy and effectiveness of pesticide application. Applying pesticides is very much a labour intensive action for small-scale farmers. Walking with a knapsack sprayer on his back a farmer has to cover a distance of between 10 and 20 kilometres per hectare and taking almost a day to complete the task. Water has to be fetched from communal water points and in addition water (especially in the Tonga community) is a very scarce commodity and has to be fetched with water trucks or any other transport available. By the time a farmer has noticed bollworms, bought his pesticides and started to spray, severe damage has already been done. Both large and small-scale farmers still have to spray for other problem insects like jassids and aphids, as these pests are not controlled by Bt cotton. These pests are now becoming the main cotton pests. 
Large-scale cotton farmers have indicated other indirect benefits of

IMPACT ON FARM INCOME
The adoption of Bt cotton impacts on farm income in mainly 3 ways:
• Decrease in input cost through savings on pesticide chemicals and application costs • Increase in input cost through higher seed price and an additional technology fee • Increase in yield Each of these is discussed subsequently.
Yield effects
The average cotton yield of adopters was significantly higher than that of non-adopters for both the large-scale and small-scale farmers (Table 4) . According to the innovator of the new technology (Monsanto) the yield advantage of Bt cotton can be mainly attributed to the fact that bollworm infestations are managed in a more effective manner than can be done with conventional spraying programs. With Bt cotton the worms are killed before any significant damage can be done. With conventional cotton, farmers only spray for bollworms when scouting indicates a worm infestation above a certain level and by that time yield-reducing damage has already been inflicted. Table 5 Large-scale adopters producing under irrigation on average realised a yield of 633 kilograms per hectare higher than that of the non-adopters. For largescale farmers producing under dryland conditions there was an average yield benefit of 115 kilograms per hectare and for the small-scale adopters an average benefit of 181 kilograms.
Cost effects
It is normally argued that the Bt technology would save costs mainly through lower application levels of pesticides. Table 6 reflects the costs of pesticides as used by adopters and non-adopters. 
Impact on net farm income
Despite a higher seed cost and the additional technology fee, both largescale and small-scale farmers realise higher net incomes per hectare due to the higher yield and savings on pesticide chemicals (Table 7 ). This income benefit will increase even more when cost of application is taken into account. The advantage of less chemical application for small-scale farmers is both financial and health related. Less labour needed, less water transport and less exposure to toxic chemicals. Large-scale farmers save on fuel, repairs and maintenance or on flying costs. There is also less tractor traffic in the cotton fields, causing indirect benefits to soil quality. Despite the fact that large-scale dryland farmers use almost 50% less seed per hectare than the small-scale farmers the additional seed and technology cost of large-scale dryland farmers are higher than that of the small-scale farmers. This is due to the fact that small-scale farmers pay only R230 technology fee per bag while the large-scale farmers pay R600 per bag. The lower price for small-scale farmers can be explained by a combination of factors including willingness to pay, an effort of poverty elevation by the multinational technology innovator and the establishment of a market for transgenic cotton for small-scale producers. These factors will be further investigated in later studies. In the second season, reported in the lower section of Table 8 , the first column shows that the mean total efficiency was a little lower at 0.67. Again, the adopters have a higher average efficiency level of 0.69 compared to that of the non-adopters of 0.65. The pure technical efficiency level of the adopters is higher than for the non-adopters, whilst most of the nonadopters' advantage is attributed to the scale of their operations. In this season, three farms define the frontier. The dominant problem is still that 84% of the farms are too small. These results should be viewed with the nature of the second season in mind: many of the commercial farmers were unhappy with the initial Bt cotton seed and thought the technology fee too high during times when there was not worm pressure. In addition, they had to spray for other pests, and would then rather use conventional seed and pesticides.
EFFICIENCY ANALYSIS OF BT COTTON
In The first season results show that both small-scale and commercial non-adopters were 84% technically efficient. However, in the case of adopters the small-scale farmers were 77% technically efficient compared to the commercial farmers' 99% technical efficiency. A reversal occurred in the second season where small-scale non-adopters were more efficient than their commercial counterparts. Commercial adopters, however, were 86% efficient, compared to small-scale adopters' 79% technical efficiency. While commercial farmers were on average more scale efficient than small-scale farmers, the latter group's adopters had higher scale efficiency scores in the second season than that of the commercial adopters. Also, in terms of defining the frontier, a higher percentage of commercial farmers constituted the efficiency frontier (15% on average) as opposed to the small-scale group (8% on average). This may well be confirmation that the small-scale farmers are lacking information and training on the precise use and benefits of the Bt technology.
CONCLUSION
The very impressive adoption rate of insect-resistant cotton in South Africa can be attributed to different benefits enjoyed by adopters. Both large-scale and small-scale farmers enjoy financial benefits due to higher yields and despite higher seed costs. In addition, those who adopted the technology appear to be more technically efficient than those who do not adoptindicating that it is perhaps the better farmers who spot the potential benefits of the Bt cotton seed. It is encouraging to hear reports of cross-pest control improvements due to less spraying in the commercial areas -this was not true for the smallholders. Continued research on diverse benefits and the distributional impact of the technology are underway and promise to deliver interesting results on the various impacts Bt cotton is having on the South African cotton industry. t r l t
